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(57) Abstract 



A method for mixing in breathing systems of the so-called circle type, comprising circulation of gas intended for breathing, removal 
of carbon dioxide from exhaled gas in a cleaning step (7) and supply of fresh gas. The method is especially characterized in that the gas 
intended for inhalation is supplied with carbon dioxide. The invention also regards a mixing device. 
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WO 99/40961 PCT/SE99/00129 
METHOD AND DEVICE FOR MIXING OF GASES 

The present invention relates to a method for mixing in breathing systems of the so- 
called circle type, comprising circulation of gas intended for breathing, removal of 
5 carbon dioxide from exhaled gas in a cleaning step and supply of fresh gas. 

The invention also regards a device for performing the method. 

Technique of substantially this kind is previously known and associated with the 
10 advantage that the necessary addition of fresh gas, the fresh gas flow, is significantly 
smaller than the amount of gas which the patient is breathing per minute; the minute 
ventilation. In order to make this possible, the breathing gas of the patient is brought 
to pass an absorber unit, which absorbs the carbon dioxide of the exhalation air. The 
inhalation gas then will consist of "used" gas free from carbon dioxide and a minor 
15 portion of fresh gas from the breathing system. Typical values may be 1.5 litres/ 
minute fresh gas and a minute ventilation of 10 litres/minute. 

This known technique is. however, associated with disadvantages. The blood gas 
values of the patient is set by the composition of the inhaled gas mixture (concent- 

20 ration of oxygen and carbon dioxide, the number of breaths per minute and the 

volume of each breath, the so-called tidal volume. The number of breaths per minute 
(frequency) and the tidal volume is set by physiological circumstances, like e.g. the 
age, size and sex of the patient. It has proved difficult to obtain correct blood gas 
values at a correct tidal volume and frequency using known circle systems. Using 

25 e.g. 12-14 breaths/minute and a tidal volume of 8-1 0 ml/kg body weight, the patient 
will be hyperventilated, i.e. have too low a carbon dioxide content in the blood. 

The hyperventilation caused by the breathing system causes several disadvantages. 
One of these is that the time from the end of the narcosis until the patient can 
30 breathe by himself (spontaneous breathing.) will be very long, since the carbon 
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dioxide content of the blood must reach a certain level for spontaneous breathing to 
occur. This, in turn, means a low operation efficiency, since the time for each patient 
to pass will be long. The present invention constitutes a simple and inexpensive 
solution to the above described problems, which are associated with the circle 
system being very efficient from other points of view. 

Thus, the invention relates to a method according to the introductory part of the 
attached claim 1. The method is especially characterized in what is specified in the 
characterizing part of said claim. 

Further, the invention relates to a breathing system according to the introductory 
part of the attached claim 8. The breathing system is particularly characterized in 
what is specified in the characterizing part of the last mentioned claim. 

Below, the invention is described in association with exemplifying embodiments 
and the attached drawings, in which 

Fig. 1 schematically shows a circle system having an arrangement according 

to the invention; 

Fig. 2 schematically shows a by-pass valve according to the invention con- 

nected to an absorber unit and a connection housing to a unit, the by- 
pass valve being built-in in said housing; 

Fig. 3 shows an arrangement substantially according to Fig. 2, in which the 

by-pass valve is arranged to be arranged to a present connection 
housing as a separate unit; 

Fig. 4 schematically and more in detail shows a first embodiment of a by-pass 

valve arrangement substantially according to Fig. 2, in which a by-pass 
valve comprised by a cleaning step, a shunt valve, is totally open so that 
no exhalation gas passes an absorber unit comprised by the cleaning 
step: 
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Fig. 5 shows an arrangement substantially according to Fig. 4, in which 

the shunt valve is totally closed so that all exhalation gas passes the 
absorber unit; 

Fig. 6 schematically shows a manoeuver control of a shunt valve set in a 

5 totally closed position; 

Fig. 7 shows the manoeuver control according to Fig. 6 in a totally open 
position; and 

Fig. 8 schematically shows a preferred embodiment of a system according 

to the invention having an automatic regulation based on carbon 
1 0 dioxide content in the exhalation air at the end of an exhalation. 

In Fig. 1, 1 designates a breathing system of the circle type, in which in- and ex- 
halation gas is intended to be circulated in a substantially closed pipe system 2. For 
ventilation of a patient 3, compression means 4 are provided and arranged, when 

1 5 compressing, to drive the circulation of the gas in the system. 5 designates a pipe for 
exhalation gas running from the patient and comprising a back valve 6 between the 
patient and the compression means, arranged for preventing that exhaled gas is 
directly returned to the patient. 7 designates a cleaning step arranged to be passed 
by the exhalation gas, which is intended to be pressed through the cleaning step and 

20 further in a pipe 8 for inhalation gas running to the patient. In the last mentioned 

pipe, a connection for the addition of fresh gas and a back valve 10 arranged to con- 
trol exhalation gas to the pipe 5 for exhalation gas, when the exhalation gas 
enters the pipe system at exhalation, are provided. 

25 According to a preferred embodiment the cleaning step comprises an absorber unit 
comprising lime and being arranged to be supplied to and passed by exhalation gas 
and hereby absorb carbon dioxide present in the exhalation gas. Absorber units of 
this kind are extremely efficient and absorb all or substantially all carbon dioxide 
which is present in the exhalation gas. 

30 



BNSDOCID- <WO 9940961 A 1 I > 



WO 99/40961 PCT/SE99/00129 



4 

Preferably, the system also comprises a settable excess valve, not shown, arranged 
to let excess gas out of the system in order to avoid undesired pressure increase in 
the system. 

5 According to the invention, devices are provided for supplying carbon dioxide to the 
gas intended for inhalation in order to replace part of the carbon dioxide removed in 
the cleaning step. According to one embodiment a by-pass valve 12 is provided, 
via which a part of the exhaled gas can be led past the cleaning step 7 and which, 
according to the embodiment shown is, e.g. via a pipe 13, connected to the circle 
1 0 system in parallel with the cleaning step, whereby such uncleaned gas comprising 
carbon dioxide is intended to be supplied to the pipe 8 for inhalation gas. The valve 
12 is manually and/or automatically settable so that a certain amount of exhalation 
air can be brought to pass past the cleaning step. 

1 5 According to an alternative embodiment the gas intended for inhalation is intended 
to be supplied with external and not pre-circulated gas comprising carbon dioxide, 
e.g. via a pipe 14 connected to the pipe 8 for inhalation gas, as shown by a broken 
line in Fig. 1. Also combinations of external and internal carbon dioxide supply, 
e.g. according to the alternatives described, can be imagined. 



20 



1 5 designates devices for, preferably continuous, measuring at least one parameter 
correlated to the carbon dioxide content of the blood of the patient. The measure- 
ments are intended to be a base for regulating the amount of carbon dioxide, which 
is supplied to the gas intended for inhalation in order to obtain a desired carbon 
dioxide content in the blood of the patient. The regulation may be intended to be 
performed manually by means of e.g. the by-pass valve or the corresponding or 
a valve, not shown, for regulating the amount of gas comprising carbon dioxide, 
which is supplied externally. The regulation may also be intended to be performed 
automatically, whereby a control unit 16 is provided and arranged to be supplied 
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with measuring values from the measuring devices and to control the by-pass valve 
or the corresponding, so that a desired carbon dioxide content value of the blood 
of the patient is maintained. 

According to preferred embodiments the measuring devices 1 5 are arranged for the 
measurement of the carbon dioxide content of the exhalation air at the end of an ex- 
halation, the so-called endtidal carbon dioxide value. The necessary valves, such as 
the by-pass valve 12, are then e.g. servo-controlled. 



Also according to preferred embodiments the by-pass valve or the corresponding 
and the absorber unit are put together to one unit 1 7. According to the embodiments 
shown in Figs. 2 and 3 a connection housing 18 is provided, by means of which the 
gas flow in the system is controlled. The housing 18 comprises a connection 19 for 
a bladder/bellows 4, a connection 20 for fresh gas, an excess valve 1 1, a connection 
15 21 for exhaled gas, a connection 22 for gas intended to be inhaled and connections 
23,24 for a lime container 25, which is marked only by broken lines in both Figures - 
and which is arranged to be passed by the exhaled gas and arranged to be exchange- 
ably fastened to the housing. 

20 In the embodiment according to Fig. 2, a by-pass valve is integrated with the hous- 
ing, which then includes a control 26, by means of which the by-pass flow may be 
controlled. In the embodiment according to Fig. 3 the by-pass valve is comprised 
by a separate valve unit 27, which is arranged to be applied to the housing and in- 
tended, among other things, for present housings as a complement. The valve unit 

25 27 hereby includes the connections 23, 24 for the lime container. 

In Figs. 4 and 5, two end positions of by-pass valve, the shunt valve, are shown in 
more detail, whereby the gas flow in the valve arrangement arranged in the connec-' 
tion housing is shown by means of arrows showing the flow direction of the aas. In 
30 Fig. 4 the shunt valve is totally open, whereby all the patient exhalation sas will be 
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returned to the patient. This corresponds to a max position, position 9 ; of the valve 
control 26, Fig. 7. In Fig. 5 the shunt valve is totally closed, whereby all the exhala- 
tion gas supplied will pass through the absorber unit and hereby be cleaned as far as 
carbon dioxide is concerned, which corresponds to a minimum position, position 9, 
of the valve control 26, Fig. 6. The shunt valve is also arranged to take positions 
between the end positions, whereby the exhalation gas supplied will be divided into 
two flows, where one runs through the absorber unit and is cleaned before it returns 
to the patient and one returns to the patient uncleaned. The setting of the shunt valve 
then decides to what extent the exhalation gas supplied is brought to pass the 
absorber unit. 

In the preferred embodiment shown in Fig. 8 there are devices for continuously 
leading samples of the exhalation air of a patient to a measuring unit 15 for 
measuring the carbon dioxide content of the exhalation air from the patient, 
where the measuring unit comprises a connection 28, via which, normally digital, 
measuring signals corresponding to the carbon dioxide content of the exhalation air 
of the patient at the end of the exhalation. Hereby the unit may be of a known kind, 
where said connection normally is intended for obtaining remote supervision or the 
corresponding. The measuring signals is here intended to be supplied as a present 
value to a control unit arranged so that a desired carbon dioxide content in the ex- 
halation air of the patient, which content corresponds to a certain carbon dioxide 
content in the blood of the patient, may be set as a desired value. The control unit 
is preferably arranged so that the present measuring unit is detected via the signals 
from it and/or are set on the control unit, which is necessary since the signals from 
different measuring units are somewhat different. Said by-pass valve 12 is in this 
case a motor-driven shunt valve arranged to be affected by signals from the control 
unit, so that control of the by-pass flow takes place for adaptation to the desired 
value set. i.e. when the carbon dioxide in the exhalation air is too low. the valve is 
set so that a larger amount of gas is shunted past the cleaning step, and when the 
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carbon dioxide content is too high, the valve is set so that a smaller amount of aas i 
shunted past the cleaning step. 

The method as well as the function of the "breathing system according to the inven- 
tion should to a substantial part be obvious from what is stated above. 

As also should be obvious the invention offers a simple and reliable solution to the 
problems stated in the introduction. 



Especially, the advantages offered by an automatically controlled system substan- 
tially according to Fig. 8 should be pushed forward. The patient is correctly venti- 
lated as far as possible and may be brought to regain the spontaneous breathing 
quickly and the shunt valve and present measuring values do not have to be firmly 
supervized since changes are obstructed by the control described. 

Below the invention has been described in association with pre:".- jd embodiments. 
Of course, further embodiments and minor changes and complements may be 
imagined without leaving the main inventive idea. 

The measurement of the carbon dioxide content of the blood of the patient prefer- 
ably takes place by capnography or in another suitable known way. 
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CLAIMS 

1 . A method for mixing in breathing systems of the so-called circle type, comprising 
circulation of gas intended for breathing, removal of carbon dioxide from exhaled 
gas in a cleaning step and supply of fresh gas, characterized in that the gas in- 
tended for inhalation is supplied with carbon dioxide. 

2. A method according to Claim 1, characterized in that carbon dioxide is supplied 
by supplying exhaled gas to the gas intended for inhalation, without having 
passed through the cleaning step. 

3. A method according to Claim 1 or 2, characterized in that carbon dioxide is 
supplied by supplying external, not previously circulated gas containing carbon 
dioxide to the gas intended for inhalation. 

4. A method according to claim 1, 2 or 3, characterized in that the amount of 
carbon dioxide, which is supplied to the gas intended for inhalation, is controlled 
and regulated based upon continuous measurements for obtaining a desired 
carbon dioxide content in the blood of the patient (3). 

A method according to Claim 4, characterized in that said measurements regard 
the carbon dioxide in the exhalation gas at the end of the exhalation. 

6. A method according to Claim L 2. 3, 4 or 5, characterized in that regulation of 
the carbon dioxide content of the blood of the patient takes place automatically 
by means of a driven shunt valve, which regulates the amount of gas which is 
brought to pass past the cleaning step, and is controlled by a control unit, which 
is provided with present values as well as desired values from a measuring unit. 
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7. A method according to Claim 1, 2, 3, 4, 5 or 6, characterized in that the cleaning 
step comprises absorption of carbon dioxide in lime. 

8. A device for mixing in breathing systems of the so-called circle type comprising 
devices for circulation of gas intended for breathing, a cleaning step for the re- 
moval of carbon dioxide from exhaled gas and devices for the supply of fresh gas. 
characterized by devices (12,13,17) for supplying carbon dioxide to the gas in- 
tended for inhalation. 

9. A device according to Claim 8, characterized by devices (12,13) for leading a 
part of the exhaled gas past the cleaning step and for supplying to the gas in- 
tended for inhalation the gas thus containing carbon dioxide. 

10. A device according to Claim 9, characterized by a so-called by-pass valve (12) 
connected to the circle system in parallel with said cleaning step, whereby said 
valve is arranged so that a certain amount of the exhalation air passes past the 
cleaning step. 

1 1. A device according to Claim 8, 9 or 10, characterized by devices (14) for supp- 
lying external not previously circulated gas containing carbon dioxide to the gas 
intended for inhalation. 

12. A device according to Claim 8, 9, 10 or 1 1, characterized by devices (15) for 
continuously measuring at least one parameter correlated to the carbon dioxide 
content of the blood of the patient and devices (16) for regulating the amount of 
carbon dioxide supplied to the gas intended for inhalation, for obtaining a desired 
carbon dioxide content in the blood of the patient. 
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13. A device according to Claim 8, 8, 10, 1 1 or 12. characterized by. devices (15) 
for measuring the carbon dioxide content of the exhalation gas at the end of an 
exhalation. 

14. A device according to Claim 8, 9, 10, 1 1, 12 or 13, characterized by a driven 
shunt valve for automatic regulation of the amount of gas which is brought to 
pass past the cleaning step, which valve is arranged to be controlled by a control 
unit, arranged to be supplied with different desired values as well as present 
values from a measuring unit. 

15. A device according to Claim 14, characterized by a control unit arranged to 
receive and process signals from different kinds of measuring units and, prefer- 
ably, to detect the kind of measuring unit based upon the signals. 

15 16. A device according to Claim 14 or 15, characterized in that the normal connec- 
tion for external extraction of signals of the measuring unit is connected to the 
control unit. 



10 
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17. A device according to Claims 8, 9, 10, 1 1, 12, 13, 14, 15 or 16, characterized 
by an absorber unit (7) comprising lime and arranged to be supplied with exhala- 
tion gas and to absorb carbon dioxide present in the exhalation gas. 

18. A device according to Claim 17, characterized in that the absorber unit and a 
by-pass valve for leading a pan of the exhalation gas past the absorber unit are 
put together to a unit (17). 
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